Postgrad Med J 2002;78:85-87 Purpose of study: To determine whether sleep deprivation affects not only junior doctors' performance in answering medical questions but whether their ability to judge their own performance is also affected by lack of sleep. Methods: A questionnaire based follow up study in two district general hospitals of the Carmarthenshire NHS Trust. Eleven house officers and 15 senior house officers (SHOs) within the medical directorate participating in the on-call rota were recruited between July 1999 and May 2000. Results: SHOs answered significantly more questions correctly (p=0.04) and were more confident than house officers when they were either correct or incorrect (p<0.001). Length of unbroken or continuous sleep is associated with more correct answers (p=0.03) and higher energy (p=0.09) and confidence (p=0.07) scores self rated by the profile of mood states. Length of continuous sleep was not related to the appropriateness of confidence, as measured by the "within-subject confidence-accuracy correlation" (p=0.919). Conclusions: SHOs performed better than house officers even allowing for sleep loss. Sleep deprivation had adverse effects on mood and performance but junior doctors can still monitor their performance and retain insight into their own ability when sleep deprived. S tudies of the effects of sleep deprivation on formal psychological performance in on-call medical staff show conflicting results.
S
tudies of the effects of sleep deprivation on formal psychological performance in on-call medical staff show conflicting results. [1] [2] [3] [4] [5] Differences in the subjects' specialties, definitions of sleep deprivation, different psychological tests, timing of tests, small numbers of subjects, and different shift patterns may explain this variability. 6 7 However studies in sleep deprived doctors that examine mood and wellbeing are much more consistent; they usually show adverse effects on mood and well being. 1 3 7-10 There are very few studies relating to sleep deprivation and assessment of function of doctors in more relevant tasks to daily work. Some have found deficits in arrhythmia recognition, 1 8 laparoscopic skills, 11 and variable effects on gaining vascular access. 12 We found no studies in the literature about the confidence of doctors in their medical reasoning when they are sleep deprived. This is important because if a doctor were to recognise that their own decision in relation to a medical problem was likely to be incorrect, it would reduce the rate of errors. However, instead, it may be that such insight is itself affected by lack of sleep.
Blagrove and Akehurst found that sleep deprived individuals have low confidence in their incorrect answers to cognitive reasoning tasks, indicating that they appreciate the deficiencies in their performance, 13 and Dorrian et al found that 18 volunteers could still self monitor and predict their performances, even when sleep deprived for up to 28 hours. 14 We have developed a model to look at the effect on junior medical doctors' ability to answer a range of medical questions at various levels of sleep deprivation after a night on-call. We also looked at their trust in their answers when sleep deprived to see whether it was appropriately placed. The outcome measure we use to assess the appropriateness of confidence compares confidence in one's response when that response is correct to confidence in one's response when the response is in fact wrong. The comparison is calculated as the point biserial correlation between accuracy and confidence, and is called the confidence-accuracy correlation. This is described in more detail below. We then calculated whether this correlation was related to their reported maximum length of continuous sleep.
SUBJECTS AND METHODS
Thirty six volunteers (age 23-34 years) were recruited over a 10 month period from the junior medical staff in two district general hospitals in South Wales. They had at least one month's medical experience since qualification. There were no refusals, eliminating one source of (selection) bias. Approval was obtained from the postgraduate dean and local postgraduate organiser. There was a ratio of approximately 2:1 males to females but to ensure confidentiality and the largest number of participants, information on names and sex was not recorded; this was justified because others have found no sex difference in confidence on question items. [15] [16] [17] After a night on-call the doctors completed sleep questionnaires, the profile of mood states (POMS), and medical questions between 10 am and 4 pm after being on-call. They were asked to record their bedtime and wake-up time the night before their on-call, to estimate the total number of hours they had slept during their on-call and to estimate their maximum length of continuous sleep during the on-call. Their mood was then self rated by the POMS 18 on two dimensions, energetictired, and confident-unsure (this latter mood variable is termed general confidence here so as to distinguish it from confidence in one's response to a question). Each doctor then answered 10 questions (46 stems) selected from medical students' final examination papers and published questions in the style of both parts of the membership examinations for the Royal College of Physicians. Questions consisted of medical multiple choice, electrocardiograms, and data interpretation and were chosen with a range of difficulty to ensure that no individuals obtained 100% correct or 100% incorrect answers. They were not told of the accuracy of their answers during the study. The test lasted 45-90 minutes and there were no time constraints that may affect confidence. After answering each question the doctors were asked, "How certain are you of your answer?" and rated their confidence in each answer from 1 ("extremely uncertain") to 5 ("extremely certain"). We wanted a measure of whether, if someone is sure of their answer, they are more likely to be correct than if they are less sure of their answer. A standard method of comparing someone's confidence when right to their confidence when wrong is the confidence-accuracy correlation. This is the point biserial Pearson's correlation of the confidence in response to questions (five levels, that is, 1= "extremely uncertain" to 5= "extremely certain") with accuracy of response (two levels, that is, correct response and incorrect response). The correlation is calculated for each participant, and can vary from -1.00 to +1.00, correlations greater than 0 indicate that confidence in a correct response is higher than confidence in a response that is actually incorrect. In most studies these within-subject correlations are rarely large, but are usually positive. Someone with insight into their performance should be more confident in their answers when those answers are actually correct than when they provide inaccurate answers, such insight is reflected in a higher, more positive correlation, for example > +0.6 rather than, for example -0.6. The method of statistical analysis then used to determine whether appropriateness of confidence is affected by sleep loss is as follows. A between-subjects correlation was performed between the confidence-accuracy correlation and the maximum length of continuous sleep. This method assesses whether a smaller length of continuous sleep is associated with lower confidence-accuracy correlations. If such an association were found to be significant the doctors would be showing a lack of insight into their poor performance when sleep deprived.
Alternatively, if there was no relationship between each subject's confidence-accuracy correlation and their maximum length of continuous sleep it would indicate that sleep loss does not the lead to the lack of insight into accuracy.
(Note that as is usual when a series of correlations is used as data in a further correlational analysis, each individual Pearson r is first converted to Fisher's r′ statistic, and the correlation is then run between r′ and maximum length of continuous sleep. 19 ) Data were analysed using SPSS version 10. Tests were applied for normality and Pearson's correlations were computed. As sleep deprivation is a relative definition we did not arbitrarily divide our participants into sleep deprived versus non-sleep deprived but applied continuous correlations.
RESULTS
Full data were obtained on 26 doctors. Six did not correctly complete their questionnaires and four were rejected because they had not had their normal night's sleep on the night before the on-call. Our group consisted of 15 senior house officers (SHOs) with a median of 61 months (range 13-178 months) since qualification and 11 other house officers with a median of 6.1 months (range 1-15 months) since qualification. Table 1 shows the scores for SHOs and house officers on mood, performance, and response confidence. SHOs and house officers moods post-call were both much lower than the standard population based scores for POMS of 21.9 for general confidence and of 20.11 for energy. 15 SHOs had significantly more correct answers than house officers (t(24)=2.21, p=0.037) and marginally fewer "don't knows" (t(24)=2.04, p=0.053). This is reassuring and suggests that the questions were appropriate and reflected the different levels of medical experience. They had a similar number of incorrect responses.
Effects of grade
SHOs were significantly more confident than house officers when answering questions correctly (t(24)=3.57, p=0.002) and when answering incorrectly (t(24)=4.28, p<0.001), and, with grade as a covariate, doctors were more confident in their answers when correct than when they were incorrect (F(1,24)=27.54, p<0.001). Table 2 shows a clear trend that maximum length of continuous sleep is positively associated with higher POMS energy (p=0.09) and general confidence (p=0.07) scores and significantly more correct answers (p=0.03). Maximum length of continuous sleep was negatively related to number of "don't knows" but was not associated with the number of incorrect answers. Importantly, however, there was only a very low correlation between maximum length of continuous sleep and the relationship between confidence and accuracy (the confidence-accuracy correlation). This shows that the appropriateness of confidence, that is, its usefulness in distinguishing between correct and incorrect answers, was not affected by sleep loss.
Effects of sleep loss when controlling for grade
Maximum length of unbroken or continuous sleep correlated more closely with mood scores and correct responses than did length of total sleep. This agrees with anecdotal reporting by doctors that the maximum length of unbroken or continuous sleep is more important to their sense of wellbeing than total sleep length.
DISCUSSION
This study suggests that junior doctors undergoing sleep deprivation when on-call, have significant sleepiness and lowered general confidence. They answer significantly fewer medical questions correctly, but they do not have inappropriate confidence in their answers, in that they have higher confidence in their correct than in their incorrect answers, and the relationship between confidence when right and confidence when wrong (the confidence-accuracy correlation) is not affected by amount of sleep loss. In fact, doctors undergoing sleep deprivation are more likely to answer "don't know" to medical answers. We thus conclude that, whereas sleep deprived doctors are more likely to make mistakes, they do still have insight into their deficient performance. This may ameliorate possible adverse consequences, in that these doctors when sleepy may then deliberately take longer over a task, or recognise that they need to ask for a second opinion. A strength of the study is its use of medical knowledge, whereas many sleep deprivation studies use simpler speed of cognition, reaction time, or vigilance measures. We also excluded subjects who did not have their normal night's sleep before their "on-call" started. Any prior abnormal night's sleep could have carry over effects. A weakness is the lack of a baseline version of the questions for each doctor before any loss of sleep, which would have enabled a within-subjects analysis to be performed. It is difficult to choose questions of equal difficulty and we did not want to repeat the same questions in a normal and sleep deprived state to avoid any learning effect. We also accept that effects of sleep loss on performance may have been different if distracter questions had been used, or participants had been under time pressure to complete the answers. Although distracters and time pressures do exist in real life, we wanted to ensure that all subjects had as many data points as possible for calculating the within-subjects correlation. We therefore needed participants to attempt all the questions and not leave any out due to time limitations. This also met our aim of participants having similar numbers of data points in their within-subjects confidence-accuracy correlations. Furthermore, although we had some interest in performance from our doctors, they were not told individual scores to avoid competitiveness and as little extra stress as possible. Our main aim was the study of confidence in performance, and the self assessment of this confidence may also have been aided by the lack of time pressure.
In this cohort of junior doctors, sleep deprivation leads to fewer correct answers to medical questions and lowered mood states, but they had appropriately low confidence when wrong, even after sleep loss, and this suggests they could still appreciate their deficiencies when sleep deprived.
